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1  |   INTRODUCTION

Here, we report a case of successful treatment of laparoscopic 
fenestration for giant hepatic cysts using indocyanine green 
(ICG). Observing ICG fluorescence excreted in the bile ducts 
after intravenous administration is a useful method to avoid 
the bile duct injury in laparoscopic cyst fenestration.

Nonparasitic liver cysts are congenital or acquired and 
are considered to be caused by an aberrant bile duct that has 
lost its communication with the normal biliary tree, which 
ultimately results in an isolated fluid-collected cavity in the 
liver.1,2 Liver cysts are a relatively common disease with a 
prevalence of approximately 5%; however, the frequency of 
liver cysts has further increased because of the extension of 
life span in recent years and the increased use of imaging de-
vices.3,4 In most cases, liver cysts remain asymptomatic and 
do not require treatment.2,5 However, treatment is required 

when the cyst increases in diameter and/or the patient expe-
riences symptoms such as pain and abdominal distension. 
Two types of treatments, that is, nonsurgical and surgical, are 
used to manage liver cysts. Surgical treatments include fen-
estration procedures,6,7 liver resection,8 and liver transplan-
tation.9,10 Since the first report of laparoscopic fenestration 
(LF) for liver cysts in 1991,11,12 the number of LF reports has 
increased year by year. LF is suitable as a minimally invasive 
procedure, and LF for liver cysts is now recognized as one of 
the standard therapies for treating symptomatic and nonpara-
sitic liver cysts.2,13

One of the surgical advantages that can be attributed to 
LF is the sufficient fenestration that prevents the recurrence 
of the cyst. However, excessive resection of the cyst wall can 
increase the risk of bile leakage from the cut edge of the liver 
cyst.14-16 This is because the fine bile ducts are not visible 
through the cyst wall in the majority of cases, and it is diffi-
cult to decipher all of them during fenestration.
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Abstract
By administering ICG test immediately before laparoscopic liver cyst fenestration, 
the biliary tract can be easily identified and intraoperative bile duct damage and post-
operative bile fistula formation can be avoided, as demonstrated in this case.
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Indocyanine green (ICG) clearance test is a well-estab-
lished and one of the most reliable preoperative liver func-
tion tests.17,18 Recent literature reports about the evaluation 
of tissue blood flow using ICG in various organs.19,20 It is 
also known that ICG administered into blood is excreted in 
the bile.21,22 This property has been used in a study to observe 
ICG excreted into the biliary tract for avoiding bile duct in-
jury in a laparoscopic cholecystectomy.21

In this report, we describe a case of successful LF in a 
patient with symptomatic polycystic liver cysts using ICG to 
avoid bile duct injury, along with a review of literature.

2  |   CASE PRESENTATION

A 67-year-old man was referred to our department. He had 
no past history of abdominal surgery and no family history 
of liver cysts and medication use. Liver cysts had been inci-
dentally detected by ultrasonography 7 years ago, and he was 
being followed up regularly by a nearby doctor. There was no 
cyst in the kidneys. Although the liver cysts showed a gradual 
increase in diameter, the patient remained asymptomatic and 
was followed up regularly. However, as he developed swelling 
in his right flank, he was referred to our department. Laboratory 
data revealed normal levels of liver enzymes with no tumor 
markers, except that the ICG retention rate at 15  minutes 
(ICG-R15) was 25%. His liver function status was classified as 
Child-Pugh class A (5 points) and liver damage A. Computed 
tomography (CT) revealed multiple liver cysts, and thbe larg-
est liver cyst was measured to be 20.2 × 16.2 × 15.9 cm in 
size (Figure 1A-B). The liver parenchyma around the cyst was 
displaced and deformed by the cysts. Drip infusion cholecys-
tocholangiography CT showed bile ducts running through the 
thinned liver parenchyma between the cysts (Figure 1C). The 
patient was diagnosed with multiple cysts in the liver for which 
he underwent the LF procedure. To avoid bile duct injury dur-
ing surgery, we decided not to fenestrate all cysts but to fenes-
trate only the largest one.

2.1  |  Administration of ICG and 
operative technique

In our department, ICG-R15 is preoperatively assessed as one 
of the liver functions tests. In this patient, we performed the 
ICG-R15 test 1 hour before the surgery. ICG (Diagnogreen, 
Daiichi Sankyo Co.) was administered intravenously at a 
dose of 0.5 mg/kg. The ICG that was excreted into the bile 
duct22 was detected by a laparoscopic imaging system using 
the Stryker PINPOINT system. A 12-mm trocar was placed 
at the umbilicus for scope passage, and 5-mm trocars were 
placed at the epigastric region and the right hypochondriac 
region for laparoscopic forceps. Cysts were observed on and 
inside the liver (Figure 2A-B). The cyst contents were punc-
tured and drained outside the body. The cystic fluid did not 
exhibit ICG fluorescence (Figure 2C), and the biochemical 
test also showed no increase in bilirubin levels in the fluid. 
The ICG in the bile duct was observed as a linear ICG fluo-
rescence. LF was performed using SonoSurg (Olympus). In 
the normal observation mode (Figure 3A), the intramural bile 
duct could not be identified; however, it was observed as a 
linear structure in the ICG mode (Figure  3B). Since there 
was bile outflow from the incision of the linear phosphor, 
it was confirmed that this was certainly a bile duct and the 
remaining liver side of the duct was clipped (Figure 3C). LF 
was performed as widely as possible to prevent recystization 
avoiding the intramural green fluorescence using the ICG 
mode. The operation was completed successfully, and the 
amount of bleeding during the operation was 2 mL. The vol-
ume of the cyst content fluid was 1900 mL, and the operation 
duration was 91 minutes.

2.2  |  Postoperative clinical course

The patient recovered with no complication, and he was dis-
charged on the fifth postoperative day. Histopathologically, 
the linear structure was also confirmed as an intramural bile 

F I G U R E  1   Preoperative images. Preoperative CT revealed large and multiple cysts in the liver in axial (A) and coronal (B) images. Drip 
infusion cholecystocholangiography CT revealed the contrast-enhanced intramural bile duct (arrowheads) in the thinned liver parenchyma between 
the cyst walls (C)

(A) (B) (C)
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duct (Figure  4A). CT performed 3  days after the surgery 
showed no recystization of the largest liver cyst (Figure 4B).

3  |   DISCUSSION

Liver cysts are common with a prevalence of 2%–7% among 
the population and are typically discovered incidentally.4 The 
pathogenesis of liver cysts is uncertain; however, as they are 
commonly observed in women, a correlation with estrogen 
levels has been suggested,23 and symptomatic liver cysts are 
more common in females.24

Surgical options for treating symptomatic liver cysts in-
clude fenestration,6,7 hepatectomy,8 and liver transplanta-
tion.9,10 Other treatment options include needle aspiration,25 
which is associated with a high recurrence rate, and sclero-
therapy such as ethanol injection.26 Since the first report of 
LF for liver cysts in 1991,11,12 this procedure has been used as 
the standard method, although it has the risk of postoperative 
bile leakage.16

In addition to various liver function tests, ICG tests are 
generally performed to evaluate the safety of hepatectomy, 
and these tests are also adopted, for example, as crite-
ria for assessing the degree of liver damage. The ICG test 

F I G U R E  2   Intraoperative findings. Multiple cysts can be seen in the liver (A). The view of ICG-enhanced-fluorescence mode. There is 
no fluorescence in the cyst wall, whereas green fluorescence is observed in the liver parenchyma (B). ICG fluorescence was not observed in the 
puncture drainage fluid (B)

(A) (B) (C)

F I G U R E  3   Operative views of the liver cyst wall. The intramural bile duct could not be identified using fluorescence normal light setting (A). 
Use of ICG-enhanced during laparoscopic cyst fenestration. The bile duct (arrowheads) in the cyst wall can be identified as a linear phosphor (B). 
Clipped intramural bile duct (C)

(A) (B) (c)

F I G U R E  4   Postoperative findings. 
Hematoxylin and eosin staining of the 
linear phosphor. The linear structure was 
histopathologically confirmed to be a bile 
duct (A). CT performed 3 d after the surgery 
revealed no evidence of recystization of the 
fenestrated liver cyst (B). The omentum can 
be seen in the fenestrated cyst

(B)

50 µm

(A)
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was introduced and popularized by Makuuchi et al in the 
1980s, especially in patients with hepatocellular carcinoma 
(HCC).27,28 In patients with normal liver function, 95% of 
ICG is excreted into the bile duct after absorption by hepato-
cytes within 15  minutes.29 In patients with impaired liver 
function, the excretion rate of ICG decreases and the timing 
of ICG when it can be observed in the bile would be delayed. 
The use of ICG in hepatobiliary surgery has become com-
mon, and its use to identify the biliary tree in hepatobiliary 
surgery has been reported. In 2008, Mitsuhashi et al reported 
for the first time that intravenously administered ICG can 
be used to visualize the bile duct during laparoscopic cho-
lecystectomy.30 Tanaka et al reported the first ICG usage in 
LF in 2016, and they had administered ICG 1 day before the 
surgery.

Usually, for visualizing a tumor, ICG is administered 
24-48 hours before the surgery.31 On the other hand, for flu-
orescent cholangiography, ICG is intravenously administered 
0.5-24  hours before the surgery.32,33 In our experience, in-
travenous administration of ICG 1  hour before the surgery 
was sufficient to successfully visualize the small bile duct 
in the cyst wall, and it also allowed us to avoid accidental 
bile duct injury. We followed this procedure based on a pre-
vious report that the maximum concentration of ICG in bile 
juice was observed within 2 hours after intravenous admin-
istration.22 A comparative review of this case with previous 
reports is presented in Table  1. In our case, in addition to 
the sufficient ICG fluorescence in the liver parenchyma, bile 
juice fluorescence in the bile duct was observed without the 
need for an additional intraoperative ICG bolus injection. A 
previous report showed that ICG injected through an endo-
scopic nasobiliary drainage tube delineated the intrahepatic 
bile duct running in the cyst wall.7 Therefore, this procedure 
can certainly be considered as an excellent method to identify 
a running biliary tract using fluorescent imaging; however, it 
is difficult to perform in all patients due to the invasive aspect 
of endoscopic nasobiliary drainage.

To our knowledge, this is the second report in the English 
literature showing that biliary tract damage could be avoided 
by administering preoperative ICG intravenously and observ-
ing the ICG excreted in the biliary fluorescence during LF. 
The limitations of using this test include the lack of knowl-
edge about certain aspects such as the dose, timing, and vol-
ume of ICG administration according to the degree of liver 
damage. Moreover, ICG has the disadvantage of difficulty 
of delineating in case of a deep-lying intrahepatic bile duct 
because of its limited permeability. Nevertheless, in the case 
of liver cysts, the wall is so thin that this disadvantage could 
be overcome.

In conclusion, LF using intravenously administrated ICG 
that can visualize the intrahepatic bile duct located in the 
cyst wall is an effective method to reduce the risk of acci-
dental bile duct injury during LF. Further study is needed T
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to optimize the timing of ICG administration to confirm 
whether ICG fluorescence can help prevent and manage bile 
duct injury during LF. ICG fluorescence–guided LF has the 
potential to be used as a standard surgical procedure for treat-
ing symptomatic liver cysts.
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